Background: Many patient care procedures are routinely performed by orthopaedic residents while not directly supervised by attending physicians. However, resident competence to perform these procedures is often presumed and not confirmed by objective measures. The purpose of this study was to formally evaluate 3 basic pediatric orthopaedic procedures commonly performed without attending supervision. Methods: All orthopaedic residents (n = 20) were asked to complete 3 procedures (placement and removal of a short arm cast, aspiration of a knee joint, and compartment pressure checks of a leg) under direct attending supervision. Attending faculty developed a checklist for each procedure, listing the appropriate steps required and criteria with which to assess the final results. Scores were calculated, including means and SDs. Change in score by postgraduate year level was determined by simple linear regression. Results: The mean score for short arm cast application and removal was 6.2 of a total possible score of 8, with an average 1.1 increase in score per year of training (P < 0.001). Uneven cast padding and lack of full thumb motion were the most common reasons for losing points. Knee joint aspiration had an average score of 6.2 of 7, with an average increase in score of 0.3 per year of training (P = 0.046). Lack of equipment preparation and not donning gloves in a sterile manner were the most common reasons for losing points. Measure of leg compartment pressures had an average score of 9.7 of 12, with an average increase in score of 0.5 per increase in year of training (P = 0.087). Injecting an inappropriate amount of fluid and not recording measurements were the most common reasons for losing points. Conclusions: The ability of a resident to appropriately perform certain procedures without direct supervision improves with advancing level of training. The most junior residents might not appropriately be placing short arm casts, aspirating knee joints, or checking compartment pressures of the leg.
P roviding safe and effective patient care is a goal of all physicians. In addition, physicians involved in resident education undertake the task of teaching trainees to provide safe and effective care with the expectation that they will eventually be able to do this without supervision. Throughout a residency, patient care frequently is provided by the trainee without direct supervision from a more senior resident or an attending surgeon. It is presumed that during those encounters, the trainee is providing safe and effective care based on previous interactions and training received.
Numerous studies [1] [2] [3] [4] [5] [6] have shown that certain procedures produce better outcomes after they have been performed many times. The "learning curve" applies to nearly every subspecialty within orthopaedics. [1] [2] [3] [4] [5] [6] Before conquering the learning curve, surgeons encounter higher complication rates, take longer to perform the procedures, require more fluoroscopy time, and are not as likely to achieve as good an outcome as those who have done so. [1] [2] [3] [4] [5] [6] Although many studies have investigated specific surgical procedures, little research is available regarding the outcomes and safety of tasks performed by trainees compared with more experienced providers. 6 The safety and efficacy of trainees performing nonsurgical procedures remain unknown. The purpose of this study was to investigate the safety and effectiveness of trainees performing 3 tasks that are commonly performed in an unsupervised setting.
METHODS
All orthopaedic residents at our institution [n = 20: 5 postgraduate year (PGY) 2, 5 PGY3, 6 PGY4, 4 PGY5] were excused from clinical activity 1 morning and asked to complete 3 procedures under direct attending supervision. The residents received no advance warning that they would be tested or what the tasks would be so that the existing state of proficiency could be evaluated on a "pop quiz" basis without additional preparation for the test. The institutional review board considered this quality assurance when it was submitted and therefore did not require a formal application.
The procedures included placing a short arm cast on the arm of an attending hand surgeon and removing the cast, aspirating a knee joint (in a thawed cadaveric specimen), and checking leg compartment pressure (in a thawed cadaveric specimen). Residents had access to all of the equipment required for each procedure but were not specifically instructed on how to perform the procedure. During the compartment pressure checks, the residents were informed that they should proceed as if this procedure were being performed during the postoperative period.
A checklist for each procedure was created, indicating the appropriate steps that should be performed and providing criteria with which to assess the final results (Tables 1-3 ). Scores were derived from the checklists, and means and SDs were calculated. Change in score by PGY level was determined by simple linear regression. Descriptive statistics were used to assess specific criteria within each checklist. The institutional review board reviewed this study and deemed it exempt from a formal review.
RESULTS
The mean score for short arm cast application was 6.2 of a total possible score of 8 (SD, 1.7). An average 1.1 increase in score was noted per year of training completed (P < 0.001). Uneven application of cast padding and inability of the person receiving the cast to achieve full thumb motion were the most common reasons for trainees to lose points, with 9 (45%) of 20 residents applying cast padding unevenly and 8 (40%) of 20 applying the cast such that full thumb motion was not present (Fig. 1 ).
The mean score for knee joint aspiration was 6.2 of 7 (SD, 0.8), with an average increase in score of 0.3 per year of training (P = 0.046). Lack of equipment preparation [7 (35%) of 20 residents] and failure to don gloves in a sterile manner [5 (25%) of 20 residents] were the most common reasons for losing points (Fig. 2) .
The mean score for measurement of leg compartment pressures was 9.7 (SD, 1.3) of 12, with an average increase in score of 0.5 per year of training (P = 0.087).
Injecting an inappropriate amount of fluid [9 (47%) of 19 residents] and not recording measurements [9 of (47%) 19 residents] were the most common reasons for losing points (Fig. 3) .
DISCUSSION
It is a goal and a responsibility of all physicians to provide effective care for their patients in the safest manner possible. For this to occur, surgeons must acquire the necessary technical skills and knowledge. Resident trainees are directly supervised in the operating room by attending physicians, who take ultimate responsibility for the actions performed. Despite this tradition of direct supervision, many new initiatives are aimed at improving acquisition of surgical skills through laboratory-based training and simulation. 7 In a national survey, both orthopaedic program directors and residents indicated that surgical skills, laboratories, and simulation should be required components of orthopaedic resident training. 7 Residents routinely perform nonsurgical procedures in an unsupervised setting when on call in emergency departments, evaluating trauma patients, participating in inpatient consultations, and providing care in the outpatient setting. The tasks often include applying and removing casts, aspirating or injecting joints, measuring compartment pressures, suturing lacerations, and reducing fractures and dislocations. It is presumed that the resident performing these tasks without direct supervision is doing so in a safe and effective manner on the basis of previous experiences and teaching received from senior residents and/or attending physicians. However, this is not often known because orthopaedic residents are not routinely certified as competent to perform the tasks. Application of a cast in a safe and effective manner is critical in the nonoperative treatment of many common pediatric fractures to obtain the best result with the least amount of complications. Numerous studies [8] [9] [10] [11] [12] [13] have shown that casting technique plays a major role in the successful nonoperative management of displaced pediatric distal radius and forearm fractures. Both cast index and gap index are reliable measures for the assessment of poor molding or excessive padding placement, with high indices correlating with increased displacement rates. [8] [9] [10] [11] [12] [13] [14] [15] Furthermore, improper cast application or removal technique can result in injury to the patient. Proper padding during application is crucial to prevent skin irritation, especially at sites of bony prominences. If the padding is too thin, focal areas of increased pressure can lead to decreased perfusion with resultant pressure sores. 16 Alternatively, excessive padding can lead to a cast that is too loose with resultant shear stress at the skin-padding interface, leading to skin irritation. Several complications associated with cast removal have also been documented, including lacerations and burns with subsequent scarring. 17 Avoidance of such injury requires knowledge regarding cast application, casting technique, and cast removal. Therefore, the checklist created assessed the various components necessary to avoid complications associated with application technique, such as applying 2 to 3 layers of cast padding without wrinkles, and to avoid complications associated with cast removal, such as using the in-out technique. Similar to the importance of a proper casting technique are proper techniques for knee aspiration and compartmental pressure checks. Inappropriate technique when aspirating a knee or checking pressures to diagnose compartment syndrome can have important consequences for the patient. Poor sterile technique when aspirating a knee could theoretically cause a septic knee. Improper needle placement might lead to a missed septic knee, with potentially devastating consequences. Compartment syndrome checks must also be performed correctly. Missed compartment syndrome with the associated risk of limb loss or a false-positive diagnosis and unnecessary surgery could result. As with casting, most residencies offer very little in the way of formal training in these procedures. Although many programs are now instituting simulation laboratories and/or "boot camps," we are unaware of any formal analyses, such as an objective structured assessment of technical skills, being conducted within orthopaedic residencies to ensure competency of junior residents in basic procedures before performing them in an unsupervised setting, other than cast application. 18 Our study limitations include the performance of the work at 1 center. The results might not be generalizable to other training programs. However, the general process of training for these tasks is likely similar at residencies throughout the United States. Our study would have been strengthened by a larger sample size or multicenter design.
Our study shows that casting, knee aspiration, and compartment syndrome checks are tasks that might be in need of a process to ensure that trainees are safely and effectively performing these nonsurgical procedures in an unsupervised setting. This study shows that, although overall competency in these basic tasks was high in the more senior residents, the most junior residents might not be safely and effectively performing these procedures.
A substantial amount of funding and resources is dedicated to surgical simulation training. It is also necessary to devote resources to ensure safe care is provided outside the operating room. Our center has begun to study the utilization of a checklist program for all tasks performed outside the operating room by trainees in an unsupervised setting, similarly to what is done by our general surgery colleagues. In addition, we think that a quality improvement program to ensure that trainees conquer the learning curve before performing a task without direct supervision from a more senior resident or attending might be useful. Evaluation and documentation of trainee competence might be useful before allowing junior residents to perform certain tasks in an unsupervised setting.
